Blooms of the toxic marine dinoflagellate Karenia brevis cause massive fish kills and other public health and economic problems in coastal waters throughout the Gulf of Mexico [Steidinger, 2009] . These harmful algal blooms (HABs) are a gulf-wide problem that require a synoptic observing system for better serving decision-making needs.
The major nutrient sources that initiate and maintain these HABs and the possible connectivity of blooms in different locations are important questions being addressed through new collaborations between Mexican and U.S. researchers and government institutions. These efforts were originally organized under the U.S./Mexico binational partnership for the HABs Observing System (HABSOS), led by the U.S. Environmental Protection Agency's Gulf of Mexico Program (EPA-GMP) and several agencies in Veracruz, Mexico, since 2006. In 2010 these efforts were expanded to include other Mexican states and institutions with the integrated assessment and management of the Gulf of Mexico Large Marine Ecosystem (GoM-LME) program sponsored by the Global Environment Facility (GEF), the United Nations Industrial Development Organization (UNIDO), the Secretaría de Medio Ambiente y Recursos Naturales (SEMAR-NAT), and the National Oceanic and Atmospheric Administration (NOAA).
These collaborations have led to improved capacity in both nations to monitor HAB occurrences in the Gulf of Mexico and will eventually lead to better response and mitigation actions to help maintain a healthy coastal ecosystem.
Goals of Collaborative Projects
The objective of the EPA-GMP was to create a collaborative network between the gulf states in both countries by standardizing sampling methods and analysis techniques and enhancing the existing HABSOS. HABSOS is a Web-based data and information dissemination tool that integrates in situ observations, satellite imagery, and oceanographic models. To meet this objective, EPA-GMP has sponsored five HAB taxonomy-training workshops in Mexican gulf states [Hu and Muller-Karger, 2008] and a HAB remote sensing training workshop at the University of South Florida, in St. Petersburg (USF). More than 100 people from all six Mexican gulf states attended these workshops (2008) (2009) (2010) (2011) . Also, nine sets of microscopes and water quality monitoring instruments were donated to various Mexican institutions in support of their existing HAB monitoring efforts. As part of the binational agreement and in collaboration with NOAA's National Data Buoy Center (NDBC), Coastal-Marine Automated Network (C-MAN) buoys were installed in Veracruz in September 2010 [Aké-Castillo et al., 2011] . These buoys include meteorological and oceanographic monitoring instruments and the BreveBuster™ optical instruments developed by the Mote Marine Laboratory for near-real time detection of K. brevis blooms.
The GoM-LME objective is to set the foundation for ecosystem-based management approaches to rehabilitate marine and coastal ecosystems, recover depleted fish stocks, and reduce nutrient loading. Under this objective, GoM-LME has identified HABs as one of the main transboundary problems. The program has initiated a retrospective analysis of HABs and seeks to implement an integrated long-term monitoring program. Currently, the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO) has been leading and sponsoring with GoM-LME a project to understand the bio-optical properties of algal blooms in the Gulf of Mexico in collaboration with USF, Universidad Autónoma de Baja California (UABC), and Universidad Nacional Autónoma de México (UNAM).
Collaborative Response to a HAB Event in Campeche
The rapid response capability of the binational and local partnerships was tested recently when a massive HAB developed off Campeche, Mexico, following the passage of Tropical Storm Nate (7-12 September 2011). The storm led to resuspension of sediments on the Campeche Bank and deep mixing of ocean waters over a large area. The event was monitored using satellite imagery provided by NASA's Moderate Resolution Imaging Spectroradiometer (MODIS). A week after the storm passed, MODIS captured an extensive dark-water patch between 40 and 120 kilometers offshore of Campeche that exhibited high solar-stimulated chlorophyll fluorescence (Figures 1a and 1b) . Established algorithms that use fluorescence and backscattering efficiency [i.e., Cannizzaro et al., 2008] indicated that this high-fluorescence water likely contained high concentrations of K. brevis; however, Binational Collaboration to Study Gulf of Mexico's Harmful Algae PAGES 49-50
Fig. 1. (a) Enhanced red-green-blue (ERGB) and (b) fluorescence line height (FLH) Moderate Resolution Imaging Spectroradiometer-Aqua images of the waters surrounding Mexico's Yucatán Peninsula on 16 September 2011. FLH is a measure of solar-stimulated phytoplankton fluorescence, and high FLH values often indicate phytoplankton blooms (both harmful and nonharmful). In this case, the ERGB and FLH images were used to decide the sampling locations. (c) Eduardo Santamaria-del-Angel (Universidad Autónoma de Baja California) and Fausto Tafoya-del-Angel (Comisión para la Protección Contra Riesgos Sanitarios del Estado de Campeche) using an inverted microscope on board the Secretaría de Marina (SEMAR) ship to identify the phytoplankton community causing the bloom in real time. (d) Inia Soto (University of South Florida) and Carlos Poot (Centro de Estudios Tecnológicos del Mar) preparing instruments
to measure fluorescence, backscattering, salinity, temperature, dissolved oxygen, and seawater pH on the SEMAR ship off the coast of the Yucatán Peninsula. These data were used as ground truth to validate the more synoptic and frequent satellite observations of the size and evolution of the harmful algal bloom event.
field observations were required to confirm this.
Facilitated by HABSOS, GoM-LME, and NASA, a binational effort led by Mexican and U.S. researchers and officials from 12 institutions-Comisión para la Protección Contra Riesgos Sanitarios 
Future Binational Collaborative Efforts
The September 2011 HAB event highlighted the positive impact that technology transfer, capacity building, and joint research efforts have on public health and research programs in the Gulf of Mexico region. However, it is important to emphasize that this is just the beginning. Binational efforts should continue to improve the local capacities and infrastructure to further enhance existing research and monitoring programs relating to HABs in both countries. Such improvements will help build a potential model for the early detection and monitoring of HAB events and at the same time minimize the impacts on public health and local economies. As collaborative efforts involving HAB research continue to evolve, scientists in the United States and Mexico hope to have more joint research cruise surveys, workshops, and possibly scholar exchange programs to maximize the potentials of the existing HAB monitoring capacity in both countries.
